Abstract
Natural gas and oil production from stripper wells also produces water contaminated with hydrocarbons, and in most locations, salts and trace elements. The hydrocarbons are not generally present in concentrations that allow the operator to economically recover these liquids. Produced liquids, (stripper gas water) which are predominately water, present the operator with two options; purify the water to acceptable levels of contaminates, or pay for the disposal of the water.
The project scope involves testing SynCoal as a sorbent to reduce the levels of contamination in stripper gas well produced water to a level that the water can be put to a productive use. Produced water is to be filtered with SynCoal, a processed sub-bituminous coal. It is expected that the surface area of and in the SynCoal would sorb the hydrocarbons and other contaminates and the effluent would be usable for agricultural purposes.
Test plan anticipates using two well locations described as being disparate in the level and type of contaminates present. The loading capacity and the rate of loading for the sorbent should be quantified in field testing situations which include unregulated and widely varying liquid flow rates. This will require significant flexibility in the initial stages of the investigation.
The scope of work outlined below serves as the guidelines for the testing of SynCoal carbon product as a sorbent to remove hydrocarbons and other contaminants from the produced waters of natural gas wells. A maximum ratio of 1 lb carbon to 100 lbs water treated is the initial basis for economic design. While the levels of contaminants directly impact this ratio, the ultimate economics will be dictated by the filter servicing requirements.
This experimental program is intended to identify those treatment parameters that yield the best technological practice for a given set of operating conditions. The goal of this research is to determine appropriate guidelines for field trials by accurately characterizing the performance of SynCoal over a full range of operating conditions.
Executive Summary
Work completed in this reporting period included construction of test columns and support facilities to conduct the preliminary scoping trials to process produced water with SynCoal. The construction, installation, column packing and acquisition of water to be treated required three weeks of effort. The actual test runs ran two consecutive days of constant flow at a rate of approximately three gallons per minute. Three gallons per minute is similar to the rate of water production from the majority of wells in the DenverJulesberg (D-J) basin. A single SynCoal column with 104 lbs of media was employed for this preliminary test. The column pressure remained constant throughout the test period. Analysis indicated good hydrocarbon retention on the SynCoal averaging 90% or better removal from the produced water. Water clarity was observed to be greatly improved at the column discharge. Major ions and trace metals were largely unaffected by exposure to SynCoal.
Experimental

08/31/2000 through 12/31/2000
After a prototype "filter canister" was designed and fabricated from steel pipe, the project team decided to construct the test units from six inch PVC pipe and fittings and mount them on portable angle iron skid mounted stands to simplify construction, modification and installation. NARCo's Wattenberg shop and lab buildings were cleaned out to provide work space near the production field. In October 2000, fabrication of a two stage filter unit constructed of schedule 40 PVC pipe and related fittings was completed (see photographs). Initially, some difficulty was encountered in preventing the migration of coal particles from the canister but after trying several screen / packing materials the filter retained the coal without losing particles with the water flow. The filter unit is mounted in an angle iron frame which can be easily be modified to provide an insulated shed around the filter unit with an access door in front. With the filter unit housed in an insulated structure coupled with a small catalytic heater, this unit should prove to be functional in winter as well as summer.
The filter unit was installed into a single state separator at the Ione #11 production battery in an effort to evaluate the functionality of the unit under field conditions. While the unit was determined to be of the correct design for generic connection to a separator unit, the surge discharge pressure of the single stage unit at the Ione battery was greater than anticipated (+ 200 psig). In order to use the PVC filter unit on loactions with pressures in excess of 50 psig, a surge tank is needed to control the impact force of the water discharged to the filter unit.
The filter unit was moved back to the Wattenberg location where it was installed with a surge feed tank, a pump to supply a steady flow to the filter and a "clean" water tank to characterize the filter. The initial testing was conducted on November 1 and 2, 2000 with water flowing through the filter for approximately 12 hours at a 3.0 to 3.5 gpm rate.
Pre-treatment and posttreatment water samples were collected and analyzed. It appeared from visual observation of the pre-treatment and post-treatment water samples that the filter unit is removing insoluble and colloidal particulates in the produced water being treated.
The analyses indicated that the oil and grease content was reduced from an average of 36.8 mg/l to under 2.4 mg/l, approximately 93 percent reduction.
Total suspended solids were reduced from 59 mg/l in the initial sample to under 20 mg/l on average.
Copper and silver concentrations appeared to be reduced as well.
Unfortunately, the sodium, calcium, magnesium and potassium concentrations did not appear to be affected.
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Results and Discussion
The analyses indicated that the oil and grease content was reduced from an average of over 37 mg/l to under 3 mg/l, approximately 92 percent reduction. Total suspended solids were reduced from 59 mg/l in the initial sample to under 20 mg./l on average. Copper and silver concentrations appeared to be reduced as well. Unfortunately, the sodium, calcium, magnesium and potassium concentrations did not appear to be affected. Further work is necessary to repeat these results and try to enhance the metal capture as well as enhance the oil and grease removal.
Conclusions
The initial testing indicates that the use of Syncoal as a filter/adsorption media works well for removing oils and grease from the produced water but is not demonstrating much effect on the metal (salt) contents. 
